Nowadays, improving the power quality at the Point of Common Coupling (PCC) between the consumers' installations and the distribution system operators' installations depends more and more on the use of specialized equipment, able to intervene in the network to eliminate or diminish the disturbances. The reactive power compensators remain valid solutions for applications in consumer and electricity distribution, in those situations when the criterion regarding the costs of installing and operating the equipment is more important than the ones related to the reaction speed or the control accuracy. This is also the case of the equipment for power factor improvement and load balancing in a three-phase distribution network. The two functions can be achieved simultaneously by using an unbalanced static var compensator, known as an adaptive balancing compensator, achieved by adjusting the equivalent parameters of circuits containing single-phase coils and capacitor banks. The paper presents the mathematical model for the sizing and operation of a balancing reactive compensator for a three-phase four-wire network and then presents some resizing methods to convert it into a balancing capacitive compensator, having the same functions. The mathematical model is then validated by a numerical application, modelling with a specialized software tool, and by experimental laboratory determinations. The paper contains strong arguments to support the idea that a balancing capacitive compensator becomes a very advantageous solution in many industrial applications. Abstract: Nowadays, improving the power quality at the Point of Common Coupling (PCC) between the consumers' installations and the distribution system operators' installations depends more and more on the use of specialized equipment, able to intervene in the network to eliminate or diminish the disturbances. The reactive power compensators remain valid solutions for applications in consumer and electricity distribution, in those situations when the criterion regarding the costs of installing and operating the equipment is more important than the ones related to the reaction speed or the control accuracy. This is also the case of the equipment for power factor improvement and load balancing in a three-phase distribution network. The two functions can be achieved simultaneously by using an unbalanced static var compensator, known as an adaptive balancing compensator, achieved by adjusting the equivalent parameters of circuits containing single-phase coils and capacitor banks. The paper presents the mathematical model for the sizing and operation of a balancing reactive compensator for a three-phase four-wire network and then presents some resizing methods to convert it into a balancing capacitive compensator, having the same functions. The mathematical model is then validated by a numerical application, modelling with a specialized software tool, and by experimental laboratory determinations. The paper contains strong arguments to support the idea that a balancing capacitive compensator becomes a very advantageous solution in many industrial applications.
Introduction
The Electric Power Distribution Systems face the problems caused by poor power quality, the most important of which being the high reactive power load, the pronounced load unbalance, the unsymmetrical voltages, nonsinusoidal current and voltage waveforms, a high rms value and highly deformed current flowing on the neutral conductor [1] [2] [3] .
The asymmetry of the three-phase voltage set is primarily due to unbalanced loads, so the methods and means used to limit this asymmetry are directed to preventing or limiting the load unbalance. The measures aimed at preventing the effects of the load unbalance include those that achieve their natural balance. Here are two main methods [1] [2] [3] :
higher with 30-35% than for equipment like SVC [56] . And for many EPDSs applications for which the response speed or the control accuracy of the compensation are not the main requirements, this cost difference is difficult to justify. This is also the case of the SVC for power factor improvement and load balancing in four-wire distribution networks, which are the topic of this paper.
Starting from the demonstration that any three-phase electric load can be balanced by unbalanced capacitive compensation, the authors of the present paper have the opinion that an SVC built as an Adaptive Balancing Capacitive Compensator (ABCC) based on TSC banks or even on Contactor Switched Capacitor (CSC) banks, can be the optimal solution for many applications, both in consumer installations and electricity distribution operator's installations [27, 29] .
This paper presents the mathematical model for the sizing and operating of a Balancing Reactive Compensator (BRC) for a three-phase four-wire network and then presents a few resizing methods to convert it into a Balancing Capacitive Compensator (BCC).
The correctness of the mathematical model is confirmed in three ways: first through a numerical application performed in Mathcad and by a Matlab-Simulink modelling respectively, both performed under simplifying conditions of the mathematical model and then by experimental laboratory determinations carried out in real electrical circuits.
The work contributes to enforcing the idea that BCC becomes a more advantageous solution both by lowering costs due to the removal of high-power coils and by simplifying the automatic compensation control, for which only TSC banks are used.
The "Classic" Method of Sizing a Balancing Reactive Compensator
The application of the symmetric component method to a three-phase four-wire network that feeds a certain load shows that it determines some currents' flow on the phases that can be decomposed into three symmetric three-phase sets: positive, negative and zero sequence.
Reactive power flow on the positive sequence leads to an increase in the technological energy consumption and thus to the reduction of the efficiency of the distribution network. In addition, it increases the voltage losses on lines and transformers and thus increases the difficulties in the process of voltage control in the network.
The presence of negative and zero sequence currents leads to a series of negative effects on the network and, in those cases where they will lead to the occurrence of negative and zero sequence voltages, they will lead to multiple negative effects on the receivers. The negative and zero sequence currents decrease the efficiency of the distribution and damage the quality of the power supplied to consumers [1] [2] [3] .
A BRC containing only circuit reactive elements (coils and capacitors) can remove both the reactive components of the positive sequence currents and the negative and zero sequence components of the currents caused by the unbalanced loads. This compensator consists of a three-phase circuit with Yn connection, the only one able to compensate the zero sequence components, and a three-phase circuit with ∆ connection respectively, the only one that can compensate the negative sequences currents of the load [9, 28] (Figure 1 ). Obviously, both compensators can compensate the reactive components of the load positive sequence currents. In some papers, the solution is commonly referred to as the generalized Steinmetz compensator [28] . As a result of the Adaptive Balancing Compensator (ABC) action, the load-compensator assembly is seen from the network as a perfectly balanced equivalent load, which consumes only active power [16, 26, 28] . For the sizing of the six susceptances of the compensator, the analytical expressions are determined applying the conditions of simultaneous cancellation of the symmetrical current components with negative effects on the phases of the load-compensator assembly: the imaginary (reactive) component of the positive sequence current, the real and imaginary components of the negative and zero sequence current components [9] 
Determination of the sequence components of the currents, on the phases of the load-Yn compensator-Δ compensator assembly seen from the network, is done based on the phase components of the currents [28] : As a result of the Adaptive Balancing Compensator (ABC) action, the load-compensator assembly is seen from the network as a perfectly balanced equivalent load, which consumes only active power [16, 26, 28] . For the sizing of the six susceptances of the compensator, the analytical expressions are determined applying the conditions of simultaneous cancellation of the symmetrical current components with negative effects on the phases of the load-compensator assembly: the imaginary (reactive) component of the positive sequence current, the real and imaginary components of the negative and zero sequence current components [9] :
Determination of the sequence components of the currents, on the phases of the load-Yn compensator-∆ compensator assembly seen from the network, is done based on the phase components of the currents [28] : 
4)
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From the above relations we can see that the three-phase voltage set was also considered perfectly symmetrical and in the complex plane U A " U A " U, where U is the phase to neutral rms. All susceptances were also considered positive (inductive).
The sequence components of the phase currents result as follows [28] :
Re`Il oad˘" 
8)
Re`I∆˘" 0 Im`I∆˘"´1 ?
From the relations (8) and (9) some important properties of the compensator can already be inferred [28] : ‚ because they contain only susceptances, both the Yn compensator and the ∆ compensator do not intervene on the flowing of the real (active) components of the positive sequence currents (8.1), (9.1); ‚ the ∆ compensator does not intervene on the flowing of the zero sequence components of the network currents (in fact this is a confirmation of a known property). 
The unknowns of the problem are the currents on the Yn and ∆ compensators' branches respectively. They have a reactive character, with positive or negative values as the susceptances are inductive or capacitive. First, the expressions of the currents through the six susceptances of the compensator are determined by solving the equation system (1) [9, 28] . But to get out of the indetermination, it must be completed by a sixth equation linking the unknowns, independent of the other five. This will be determined based on an additional condition applied to the operation of the compensator. Such a condition, useful to simplifying the solution of the equation system, is [12, 28] :
This additional condition will have the effect of ∆ compensator intervention only on the negative sequence currents flow. [12, 28] . From relations (10.2) and (12) it results:
afterwards, taking into account the relation (9.1), it is obtained:
Analytical solving of the equation system formed by Equations (1) and (11) leads to the solutions [28] : 
15)
The expressions for sizing the susceptances in the compensator structure immediately result, written according to the equivalent conductances and susceptances of the load [28] :
16)
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The susceptances of the compensator can also be expressed depending on the active and reactive components of the currents or the active and reactive powers on the load phases.
The values of the six susceptances of the compensator result negative or positive, depending on the nature and the level of the load unbalance. For the ∆ compensator, one can notice that the algebraic sum of the values of the three susceptances is null, which comes as a consequence of using condition no. (8) . This causes that in the structure of this compensator be included at least one inductive susceptance (coil) and at least one capacitive susceptance (capacitor bank).
Compensation Mechanism Expressed Based on the Currents Flow
The analytical determination of the currents' expressions on the phases of the load-compensator assembly in its various three-phase sections is useful in explaining the compensation mechanism. For this, the expressions for phase currents and then for their symmetrical components, expressed in both cases through the phase components of the load currents, are determined.
Thus, by replacing the expressions (14) in relations (4), the currents are obtained on the phases of the Yn compensator [28] : 
17)
and afterwards the sequence components: 
18)
For the currents on the phases of ∆ compensator, from the expressions (6) result:
and the sequence components will be:
Re`I∆˘" Detailing now the relations (2) using the explicit forms from (8), (18) and (20), we can formulate the compensation mechanism that leads to the maximization of the power factor (cosϕǹ et " 1) and total load balancing, using the currents sequence components. It can be immediately seen that: 
21)
In fact, all the equations (1) 2.
The ∆ compensator compensates two components of the negative sequence currents: one belonging to the load and the other belonging to the Yn compensator.
The only component of the load current remaining uncompensated is the real (active) component of positive sequence currents, component that is found in the currents taken from the supply network (PCC):
The load-compensator assembly takes from the network identical currents on the phases, which only have an active component, whose rms values are equal to each other and equal to the average of the three rms values of the active currents on the load phases.
Compensation Mechanism Expressed Based on the Powers Flow
Knowing the currents' expressions, the powers expressions can easily be found. For the Yn compensator we obtain:
It is observed that the active powers on the Yn compensator phases are null, which is natural because it contains only susceptances. Regarding the values of the reactive powers on the phases of the Yn compensator, it can be observed that they depend both on the reactive power values of the load and on the active powers. It can also be observed that:
Therefore, the Yn compensator is the one that achieves the total compensation of the reactive power of the load. Concerning the powers on the ∆ compensator phases, it results:
25)
It is interesting to note that both the sizing of the ∆ compensator's susceptances and its intervention on the phase powers flow, depend only on the active loads.
Although it contains only susceptances (coils and capacitors), the ∆ compensator intervenes on the active powers flowing on the phases. On some phases the active powers are positive while on others negative, depending on the size and the unbalance of the active load. The resulting values are in fact the differences between the values of the active powers of the load and their average value, which are obtained on each phase as a result of balancing (22) . The ∆ compensator takes active power from the phases in which it is in excess and delivers it towards the phases where it is deficient. This determines a redistribution of the active powers between the phases, thus balancing them. However, throughout the three phases, the ∆ compensator does not change the active powers flowing, because:
The ∆ compensator also achieves an unbalanced compensation of reactive powers. On some phases it's doing an inductive compensation and on others, capacitive, depending on the size and the unbalance level of the active loads. However, throughout the three phases, the ∆ compensator does not change the reactive powers flowing, because:
Resizing from the Condition of Coils Elimination
The "classical" sizing method presented above is very useful in that it simplifies the mathematical solving and then allows easy understanding of the mechanism of the active and reactive loads' balancing.
However, the condition that the sum of the susceptances values of the ∆ compensator being zero (12), which makes it contain both capacities and inductances, is not a useful sizing criterion from a practical point of view. Firstly, because of the construction of an unbalanced compensator containing coils, it leads to increased costs, including a complex automatic control system needed to be used with variable loads (TCR). Secondly, the fact that the entire capacitive reactive power required to compensate the positive sequence inductive reactive power of the load is allocated to the Yn compensator causes an unreasonable use of the capacitors. It is known that a capacitor connected between phase and neutral (supplied with phase to neutral voltage in Yn connection) supplies to the network a reactive power three times lower than if it was connected between two phases (supplied with phase to phase voltage in ∆ connection).
Hence the idea of sizing a compensator type BRC that contains only capacitor banks, which, in addition to eliminating the disadvantages presented above, brings a major advantage. It is about the possibility of using a simple automatic control system type TSC, which allows adaptation to variable loads, by switching single phase capacitor bank steps.
The new sizing methods further proposed start from the "classical" sizing method, as the initial solution to the problem, which is then corrected by applying the principle of the capacitive reactive power transfer from the Yn compensator to the ∆ compensator, so that it can obtain only negative or null values for all the susceptances.
Typically, by applying the classical sizing method, the ∆ compensator results in one or two inductive susceptances, and the Yn compensator only with capacitive susceptances, due to the fact that it has the task of capacitive compensation of the positive sequence.
Without affecting the compensation mechanism, the excess reactive capacitive power on the positive sequence installed in the Yn compensator is transferred totally or partially to the ∆ compensator. The value of the reactive capacitive power on the positive sequence, available for transfer, depends on the average power factor of the load and on the degree and the nature of its unbalance. For low average power factor loads, the capacitive reactive power requirement for compensation is high, which allows a high level of balancing or even total load balancing.
Two cases can be distinguished: case 1-the capacitive reactive power available for the transfer is of low value, insufficient to achieve total load balancing; case 2-the capacitive reactive power available for the transfer is of high value, sufficient to obtain the total compensation of the reactive power of the load on the positive sequence and the total load balancing.
Thus, for the resizing the susceptances of the Yn and ∆ compensators, there are the following versions: version 1, case 1-total transfer of capacitive reactive power; some susceptances of the ∆ compensator are positive (inductive), so they will be canceled. A partial load balancing is achieved. version 2, case 2-partial transfer of capacitive reactive power, so that all six susceptances of the compensator become negative (capacitive). 
The transfer of capacitive reactive power on the positive sequence from the Yn compensator to the ∆ compensator is obtained if B Ytrans f er ą 0 and:
Ytrans f er (30) In versions 2, 3 and 4, such a transfer will cause the two compensators to keep their functions of compensation on the negative and zero sequence exactly at the same level as the initial sizing. However, the Yn compensator substantially reduces its contribution, even totally to capacitive compensation on the positive sequence, while the ∆ compensator takes over this function, which it did not have initially. This correction of the initial sizing leads to a more efficient use of the capacitors.
In addition to the sizing versions obtained from the classical solution of capacitive reactive power transfer on the positive sequence presented above, the present paper also takes into account a method that stems from an observation resulting from the compensation mechanism: Yn compensator is the Energies 2018, 11, 1979 11 of 24 only one that can intervene on the zero sequence currents flowing. It compensates the zero sequence currents of the load, which leads to the cancellation of the neutral conductor current.
Therefore, a valid sizing criterion is to impose to the Yn compensator the function of cancellation the zero sequence of the load currents, having a structure formed only by negative (capacitive) susceptances. We will further refer to the sizing version resulted by applying this criterion, as version 5, in order to associate it with the four ones previously defined.
In order to obtain the relations for sizing the susceptances of the Yn compensator, the condition set in step 1 is:
from which result the conditions:
By referring to relations (7) and (8) 
respectively:
The third condition imposed to exit from the indeterminate equation system (34) is the nullification of the value of one of the susceptances. If the known terms in the Equations (34) are noted:
three solutions of the problem result:
1.
In normal situations of the load structure, one of the three solutions will have two negative susceptances. This will be the solution applied to the construction of the Yn compensator and based on which the method goes to step 2: the ∆ compensator sizing. This operation will be done from the observation that the Yn compensator sized in step 1, completely compensates the zero sequence of the load current. So Yn compensator together with the load forms a three-phase assembly with Yn connection in which the flowing of the zero sequence components has been eliminated. The equivalent admittances of this assembly are:
38)
Due to this property, this assembly can now be converted into an equivalent one, having ∆ connection, which is supplied from the three-phase without neutral conductor and having the equivalent admittances: For a three-phase load having the equivalent scheme with ∆ connection, the total compensation of reactive power on the positive sequence and perfect load balancing can be achieved by means of an unbalanced ∆ compensator. The values of the susceptances in its structure are obtained by the conditions:
This time the equation system (41) has a unique solution [9, 12, 15] . The susceptances of the ∆ compensator expressed depending on the conductances and on the susceptances of the equivalent load are determined with the relations [28] : 
This fifth version of sizing the two circuits of the compensator has great chances of success in leading to negative values for all susceptances, if applied in case 2 regarding the characteristics of the unbalanced load, defined above. In such a situation, version 5 of sizing becomes identical to version 3.
The methods of resizing a BRC in order to transform it into a BCC are a continuation of the mathematical model used for sizing and explaining the mechanism of BRC operation. To comprehend the resizing principle, consisting in the redistribution of the reactive capacitive compensating power on the positive sequence, from the Yn compensator to the ∆ compensator, it is necessary to preliminary understand the mathematical model of the BRC. For this purpose, Sections 2-4 of this paper summarize familiar elements, previously developed by the same authors [26] [27] [28] . The new contributions of this paper consist of the mathematical model of the resizing methods (Section 5), respectively the presentation of the results of certain applications for their validation (Section 6).
Case Studies
The following are the results of the use of two software tools for the numerical study of the sizing and operation of a BRC installed in a four-wire, low-voltage distribution network.
Out of the sizing versions described above, only two examples are presented below: the "classical" version, interesting by its effects (BRC), and version 5 respectively, considered significant for a capacitor structure formed only by capacitor banks (BCC).
First, the results of the sizing and calculation of the current flow in phase components and in symmetrical (sequence) components, and of the power flow on the load-compensator assembly phases in various of its sections, performed using the Mathcad (version 2017b, Parametric Technology Corporation, Boston, MA) software tool (Tables 1-4) , respectively, are presented).
The calculation was done by considering some usual simplifying conditions: ‚ the source is considered an ideal one, providing a set of perfectly symmetrical and sinusoidal voltages, so that the unbalance will occur only in currents;
‚ the circuit elements type R, L, C are considered ideal, perfectly linear; ‚ the impedances of the connections between the components of the circuit, including the impedance of the neutral conductor, are neglected.
The rms value of the phase to neutral voltage is 230 V, the phasor corresponding to the phase to neutral voltage A is placed in the real axis of the complex plane and the working frequency is 50 Hz. IÝ " 0.615
I∆ " 0.6 From the analysis of the results obtained using Mathcad tool, the following can be observed:
In both sizing versions, the Yn compensator only intervenes on reactive power flow on phases, providing reactive power; 2.
In the BRC version, the Yn compensator supplies the entire reactive power required to fully compensate the reactive power of the load on the positive sequence, whereas in version 5 this role is predominantly taken by the ∆ compensator;
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3.
In the BRC version, the ∆ compensator makes a redistribution of the active and reactive powers respectively, between the phases without changing their balance over the three phases; it only intervenes in the negative sequence currents flow; 4.
The ∆ compressor from the BRC structure, although containing only reactive circuit elements (two capacities and one inductance), also intervenes on the phase active power flow; 5.
In both sizing versions, the ∆ compensator intervenes identically on the active power flow, which is the effect of the fact that it intervenes identically on the negative sequence currents flow; the conclusion is natural, since the intervention is different only on the positive sequence currents flow; 6.
The (Yn +∆) compensator assembly has exactly the same effect in both sizing versions: it totally compensates the five components of the load sequence currents: the reactive component of the positive sequence currents, the real and imaginary components of the negative and zero sequence components. Table 3 . The unbalanced compensator sized using version 5(3) (Balancing Capacitive Compensator (BCC)).
Component Equivalent Parameters Active Powers Reactive Powers Phase Currents Sequence Currents
Yn Table 4 . The assembly load-compensator seen from the network (Point of Common Coupling (PCC)).
Component Equivalent Parameters Real Powers Reactive Powers Phase Currents Sequence Currents
Network (PCC)
It is obvious that the BCC version of the compensator is more advantageous than the classical version BRC because it contains only capacities, so single phase capacitor banks if we talk about a real structure.
To verify the results obtained using Mathcad, a modelling of the same three-phase circuits was carried out using the Matlab-Simulink tool, SimPowerSys module (see Figure 2) .
Only the BCC was considered, sizing version number 5(3). The capacities values of the two compensators were slightly corrected against the values obtained by computation to be reproduced better in the laboratory experiment. It can be observed that for normal operating conditions, the virtual measurement instruments have basically indicated the same power and current values as those obtained by computing in Mathcad. Figure 3a-e give waveforms obtained with virtual oscilloscopes installed in the four sections considered significant, the terminals of the following elements: load, Yn compensator, Δ compensator, Yn + Δ compensator and network (PCC) respectively.
The effect of the action of the two components of the compensator can be seen in the waveforms of the three currents on the phases of the circuit in the section from the source (PCC), Figure 3e . The perfect balancing, positive sequence, and currents amplitude reduction can be seen as a result of the compensation of reactive components of positive sequence currents. An overlap of these waveforms Figure 3a-e give waveforms obtained with virtual oscilloscopes installed in the four sections considered significant, the terminals of the following elements: load, Yn compensator, ∆ compensator, Yn + ∆ compensator and network (PCC) respectively.
The effect of the action of the two components of the compensator can be seen in the waveforms of the three currents on the phases of the circuit in the section from the source (PCC), Figure 3e . The perfect balancing, positive sequence, and currents amplitude reduction can be seen as a result of the compensation of reactive components of positive sequence currents. An overlap of these waveforms beyond those of phase to neutral voltages shows zero phase shift between current and voltage on the same phase, proving the active character of currents and powers. The regime presented is one that has a particular property, that the Yn compensator has an open circuit branch ( = 0 μF) and the Δ compensator has two open circuit ( = 0 μF, = 0 μF) and nevertheless the balancing obtained is almost perfect. The calculations and modelling performed in this case study demonstrate that compensation of the inductive reactive power of three-phase unbalanced loads and at the same time the total load balancing, can be obtained by unbalanced capacitive compensation, using a SVC-type ABCC.
Experimental Determinations
The correctness of the mathematical model and of the BRC resizing method for the purpose of transforming it into a BCC, by transferring the positive sequence compensation reactive power from the Yn compensator to the Δ compensator, was confirmed by experimental laboratory determinations. The regime presented is one that has a particular property, that the Yn compensator has an open circuit branch (C Y A " 0 µF) and the ∆ compensator has two open circuit (C ∆ BC " 0 µF, C ∆ CA " 0 µF) and nevertheless the balancing obtained is almost perfect.
The calculations and modelling performed in this case study demonstrate that compensation of the inductive reactive power of three-phase unbalanced loads and at the same time the total load balancing, can be obtained by unbalanced capacitive compensation, using a SVC-type ABCC.
The correctness of the mathematical model and of the BRC resizing method for the purpose of transforming it into a BCC, by transferring the positive sequence compensation reactive power from the Yn compensator to the ∆ compensator, was confirmed by experimental laboratory determinations.
The schema of the built circuit was that shown in Figure 1 . Circuit elements have parameter values equal to those applied in the numerical study and Simulink model applied for the study of the BCC, sizing version 5(3), shown above.
So, the values of these parameters were: 
‚
The network and autotransformer are the main causes of voltages waveforms distortion. However, THD for phase voltages does not exceed 1.5%.
Currents waveforms distortion is also caused by the nonlinearity of circuit elements (ferromagnetic core coils and electrolytic capacitors) to which non-sinusoidal voltages are applied. The currents waveforms are more distorted than the voltages waveforms, but the THD for the currents does not exceed 5%.
‚ Circuit elements are resistors, ferromagnetic core coils and electrolytic capacitors. They do not intervene in the circuit only by equivalent parameters of type R, L or C, but also by additional equivalent electrical resistances corresponding to the losses of active power in ferromagnetic cores and dielectric materials.
The measurement system used is a Mavowatt 230 type which is actually a three-phase power quality analyzer. Measurement errors are small enough but depend on the values of the electrical amounts in the circuit to which they are connected. This is especially the case for measuring currents. Since current measurements are made by means of ampermetric clamps with rated currents of 10 A, low rms values are usually measured with increased errors (˘5%). Their phase shifts are determined with greater errors. Also distortion of currents and voltages waveforms causes an additional increase in measurement errors.
All these conditions described above lead to deviations from the simplifying conditions considered in the determinations by numerical calculation and simulation. However, as can be seen from the results of the measurements, these deviations are not likely to alter the operation of the modeled circuit.
The main comments regarding the results of the experimental determinations are as follows:
‚ There is no difference between the values obtained by the numerical calculation and those obtained by the simulation. This is natural, given that they have been made under simplified (ideal) conditions. Matlab-Simulink modeling confirms the correctness of the mathematical model which is the basis for the numerical calculation.
The largest percentage deviation is´7.64% and the lowest is´0.2%. 
The measured values confirm the correctness of the mechanism of active and reactive load balancing by unbalanced capacitive compensation, mechanism anticipated by mathematical model development:
cancellation of the zero sequence currents of the load is accomplished only by the Yn compensator, which supplies a set of zero sequence currents practically equal to their rms value and shifted by 180˝; -the negative sequence current of the load and the reactive component of the positive sequence current of the load are canceled by the contribution of both Yn and ∆ compensators; the two compensators perform together the reactive powers compensation and balancing; -the ∆ compensator, although containing only one single-phase capacitor bank, takes active power from phase A, where it is in excess (over the average value), and delivers it back on phase B where there is an active power deficiency; the ∆ compensator is the one that performs the active powers balancing; -although it contains only capacitor banks, the compensator achieves, not only the compensation of the reactive power of the load, but also the balancing of the active powers on its phases.
power from phase A, where it is in excess (over the average value), and delivers it back on phase B where there is an active power deficiency; the ∆ compensator is the one that performs the active powers balancing; -although it contains only capacitor banks, the compensator achieves, not only the compensation of the reactive power of the load, but also the balancing of the active powers on its phases. 
Conclusions
Nowadays, despite the proliferation of high power SSD equipment dedicated to intervene in electrical networks to improve the power quality, compensator-type SVCs remain valid solutions for applications in the installations of consumers and operators of electric power networks for whom the cost criterion for the acquisition and operation of these types of equipment is more important than those relating to the reaction speed or the control accuracy. 
Nowadays, despite the proliferation of high power SSD equipment dedicated to intervene in electrical networks to improve the power quality, compensator-type SVCs remain valid solutions for applications in the installations of consumers and operators of electric power networks for whom the cost criterion for the acquisition and operation of these types of equipment is more important than those relating to the reaction speed or the control accuracy.
For a large number of industrial or commercial consumers, a SVC-type ABCC that manages the individual switching of the steps of the single-phase capacitor banks, becomes a very advantageous solution, both by reducing costs due to the removal of high power coils, and by simplifying the automatic compensation control.
The article brings important arguments to support the efficiency of an SVC type ABCC, with the following contributions:
the detailed mathematical model of a BRC's operation and the explanation based on it of the mechanism of balancing the active and reactive three-phase loads by unbalanced reactive compensation; -developing a method of resizing a BRC for the purpose of transforming it into a BCC by transferring the reactive capacitive compensating power to the positive sequence between the two components of the compensator; -validation of the mathematical model using both numerical and modeling software tools as well as experimental laboratory determinations.
The results of the theoretical and experimental study demonstrate that the total compensation of reactive power on positive sequence and the total balancing of loads in three-phase four-wire networks can be achieved by unbalanced capacitive compensation. Funding: This research received no external funding.
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